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"The JPL Low-Cost Silicon Solar Array Project is sponsored by 
the U.S. Department of Energy and forms part of the Solar 
Photovoltaic Conversion Program to initiate a major effort 
toward the development of low-cost solar arrays. This work 
was performed for the Jet Propulsion Laboratory, California 
Institute of Technology by agreement between NASA and DOE." 


This report was prepared as an account of work 
sponsored by the United States Government. 

Neither the United States nor the United States 
Department of Energy, nor any of their employees, 
makes any warranty, express or implied, or 
assumes any legal liability or responsibility for 
the accuracy, completeness or usefulness of any 
information, apparatus, product or process disclosed, 
or represents that its use would not infringe 
privately owned rights. 


ABSTRACT 


A program plan, baseline process, measurement program 
and qualtiy control plan have been generated as 
enunciated by the contract. 

Cutting operations have been completed on the Wackcr 
Silso silicon sheet material. The first fabrication 
run of Wacker Silso polycrystalline silicon into solar 
cells by the baseline process has been completed. 

Average conversion efficiency for solar cells fabricated 
by the baseline process from Wacker Silso sheet and 
measured at air mass zero was 10.4%, compared with the 
control cells, fabricated from single crystal CZ silicon, 
whose average conversion efficiency was 12.2%. 
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1 INTRODUCTION 

Effort is being directed toward the evaluation of the solar 
cell potential of unconventional silicon sheets of interest 
to the Large Area Silicon Sheet (LASS) Task of the Low-Cost 
Solar Array (LSA) Project. The purpose of this program is 
to fabricate statistically significant numbers of solar cells 
using standard and reproducible processes and reliable testing 
of these cells using standardized measurement equipment and 
techniques. An additional purpose of this program is to inves- 
tigate, develop and utilize technologies appropriate and neces- 
sary for improving the efficiency of solar cells made from 
silicon sheets using a standard process as the baseline start- 
ing point. Program goal for solar efficiency at Air Mass Zero 
(AMO) is 12%, measured at 28°C minimum. 

II TECHNICAL DISCUSSION 

Cutting operations have been performed on the Wacker Silso sheet 
material. This material, 10 cm by 10 cm, must first be mounted 
on ceramic block and cut into four 5 cm by 5 cm sections. On 
the first sheet some breakage occurred during the mounting 
operation but was not a problem on the several that followed. 
Initial thickness of the sheet is approximately .04 cm and 
before reduction to cell size (2 cm by 2 cm) the material must 
be etched to a finished thickness of approximately .024 cm. 

The 5 cm by 5 cm sections are etched to the desired thickness 
by reaction in a hydrofluoric-nitric-acetic acid solution. 

After the etching operation the sections are cut into 2 cm by 

2 cm wafers with an expected yield of 16 wafers per sheet. 

A number of the Wacker sheets have been processed into the 2 cm 
by 2 cm wafers. 
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The first batch of Wacker Silso material has been fabricated 
into solar cells by the baseline process. The wafer group 
used for the 2 cm x 2 cm solar cells was made up of central 
portions of two sheets. Six Wacker wafers were processed 
along with eight control cells. Two of the Wacker cells 
were broken during the fabrication process, whereas none of the 
control wafers were damaged. 

2. 1 Results 

Results of this run are given in the table. The cells, 

with Ta^Og AR interference film, had an average efficiency 

at Air Mass Zero of 10.4%. This efficiency is based upon an 
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irradiance of 135.3 mW/cm and was calculated using the total 
device area. Average efficiency for the control celis was 
12 . 2 %. 


2 . 2 Current-Voltage Measurement System 

Current-voltage relations for t!ie solar cells have been 
obtained using the Spectrolab X-25 Mark III Solar Simulator, 
as source. Short circuit current and open circuit voltage 
are measured by means of the Dana Model 5400 digital volt- 
meter in combination with a Spectrolab 380-31B Production 
Test Set. I-V curves are generated by means of an electronic 
load. Model D-550, and a Hewlett-Packard X-Y recorder. Test 
stand temperature is controlled by a recirculating water bath. 
Calibration of measurement is obtained using a balloon-f lowr 
standard solar cell, #1037. 
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TABLE 


Run W-4 T«28^C 


S/N 

Iw»A 

v„,v 


V ,V 

CFF 

H «% 

P 


M 

M 

■c 

oc' 



max. 

1* 

.132 

.500 

.142 

.594 

.78 

12.0 

66.2 

2* 

.133 

.505 

.142 

.598 

.79 

12.5 

67.3 

5* 

.130 

.500 

.139 

.594 

.79 

12.0 

65.0 

6* 

.132 

.503 

.142 

.598 

.78 

12.3 

66.6 

9* 

.133 

.505 

.141 

.598 

.80 

12.5 

67.3 

10* 

.133 

.505 

.143 

.598 

.78 

12.4 

67.0 

13* 

.129 

.497 

.142 

.596 

.76 

11.8 

63.9 

14* 

.131 

.507 

.141 

.598 

.79 

12.3 

66.4 

Aver * 

. 132 

.503 

.142 

.597 

.78 

12.2 

66.2 

S * 

.002 

.003 

.001 

.002 

.01 

.3 

1.2 


3 

.124 

.450 

.133 

.549 

.76 

10.3 

55.8 

4 

.126 

.455 

.134 

.554 

.77 

10.6 

57.3 

11 

.124 

.453 

.133 

.557 

.76 

10.4 

56.2 

12 

.122 

. 459 

.132 

.557 

.76 

10.3 

56.0 

8 

broken 







7 

broken 







Aver 

.124 

.454 

.133 

.553 

.76 

10.4 

56.3 

S 

.002 

.004 

.001 

.004 

.005 

.14 

.67 

Range, Cent 

.004 

.006 

.004 

.004 

.04 

.7 

3.4 

Range , Poly 

.004 

.009 

.002 

.008 

.01 

.3 

1.5 


current at 

maximum 

power 






voltage at 

maximum 

power 






» short circuit current 
sc 

Voc* open circuit voltage 

CFF» curve fill factor 

^ * conversion efficiency, percent 

Pj^ * maximum power 

S = sample standard deviation 

* = control sample, single crystal 
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The X-25 Mark III Solar Simulator consists of a 2.5 KW Xenon 
short-arc lamp, an aconic collector, and lenticular transfer 
optics. The latter consists of nineteen individual lenses and 
filters, allowing very close matching to the solar spectrum 
and constant. Under the present operating conditions the Simu- 
lator produces a 15" di 2 uneter beam at the measurement plane 
with + 2% uniformity. 

III PROGRAM PROGRESS 

The contract was late in starting owing to the manpower 
distribution. Although progress has been made in this regard 
it is expected that correction of this distribution problem 
will not be immediate. Some time will be required in the train- 
ing of new personnel to familiarize them with methods involved 
in the contract. 

IV SUMMARY AND RECOMMENDATIONS 

The first lot of unconventional silicon material has been 
received from JP.j. The material, Wacker Silso polycrystalline 
sheet, has been cut, etched to the required thickness, diced and 
made into solar cells by the baseline process. A minimum 
of breakage was observed during these operations. Some 
delay in the program has been noted and this has been attrib- 
uted to manpower distribution. 

Initial results on the Wacker material are surprising in view 
of the large number of grain boundaries to be found in this 
material. Because grain boundaries are regions of high defect 
density they must be expected to act as recombination centers, 
thereby reducing the effective minority carrier diffusion length 
of the material. Additional cells should be fabricated by the 
baseline process to determine the variation of qual'''-.y across 
the whole sheet. After this has been accomplished, optimization 
of the process for this material should be undertaken. 
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V 


WORK PLANNED 


More of the Wacker sheet material will be fabricated into 
solar cells by the baseline process. When this has been accom- 
plished and the results analyzed recommendations will be made 
to JPL on methods that might be introduced into the processing 
to obtain optimized cells. After completion of the optimized 
Wacker cells work will commence on fabrication of solar cells 
by the baseline process using another of the unconventional 
silicon materials. 
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